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(54) Active matrix liquid crystal display device having homogeneously aligned non-twisted liquid 
crystal configuration and retardation compensation 

(57) In an active matrix liquid crystal display device 
the liquid crystal layer (10) has a non-twisted homoge- 
neously aligned configuration whiile the liquid crystal cell 
is placed between two crossed polarizers (26,28) hav- 
ing their transmission direction at 45" with respect to the 
liquid crystal director at the celUboundary. A negative 
birefringent retardation film (84,36) is positioned 
between the liquid crystal cell and one of the polyrizers 
in such a way that the optical axis of the retardation film 
is paralld to the liquid crystal boundary director while 
the absolute value o1 the retardation of the retardation 
film is equal to the effective retardation of the liquid crys- 



tal layer when no voltage is applied. In a preferred 
embodiment of the present invention, this one retarda- 
tion film is replaced by two foils (34.36) of the same type 
which each have a retardation value which is equal to 
haK the retardation value of the one film and which are 
placed on one side of the liquid crystal cell with their 
optical axis' parallel to the liquid crystal tx>undery-direc- 
tor. 

To achieve a kxight state at high voltage, the liquid 
crystal retardation is in the range 0.1 5-0.36 micron, and 
preferentially in the range 0.20-0.30 micron. 
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Description 

BACKGROUND OF THE INVENTION 

5 The preserrt invention relates lo active matrix i'quid crystal display devices. 

An active matrix liquid crystal device comprises a liquid crystalline material acting as electro-optical medium, which 
is inserted between two parallel support plates having surfaces facing each other, one ot the surfaces being provided 
with a matrix of transparent conductive blocks (electrodes) and adjacent tNn-film transistors, an array o1 conductive 
addressing lines arxl an array of conductive addressing colunrtns. and the other surface being provided with a transpar- 

10 ent countereldctrode. 

Each transistor has a gale connected to a line, a source connected to a blodc and a drain connected to a column. 
Each block defines a picture element the conductive block constituting one of the picture element electrodes. 
The second opposing electrode of each picture element is provided by the counterelectrode which may be common 
to ail picture elements. The de/ice further comprises a drive circuitry for applying proper voltages across the picture ele- 
15 ments. 

Display devices of this type are known, using the so-called Normally-Black-Twisted-Nematic (NBTN) mode as elec- 
tro-optical liquid crystal effect. 

With the NBTN eHect, the Tiquid crystal cell described above, is positioned between two polarizers whose polariza- 
tion (viz.. transmission) axis' are mutually parallel while the liquid crystal layer shows a 90' twisted oorrfiguration on 
20 going from. the one cell sui^ce to the Other cell sur^ce. 

Generally, the 90' twisted configuration is induced from the interaction between the so-called orienting layers, 
which are deposited on both cell surfaces, and the adjacent liquid crystal kx)undery layers, the orienting layers beir>g 
rubbed so as to introduce a uniform alignment of the adjacent liquid crystal parallel to the rubbing direction. 

The liquid crystal molecules in the boundery layers may be tilted up to about a few degrees with respect to the cell 
25 surfaces. In view of the low tilt-angle, the type of liquid crystal alignment is usually referred to as a homogenous or pla- 
nar. 

To achieve the 90* twisted configuration, the rubbing directions on both cell surfaces are mutually perpendicular, 
the nematk? liquid crystal being doped with a small amount of cholesteric material having the proper handedness to 
ensure the correct twist value. 

30 Positioning the polarizers with their polarization axis* parallel to one of the rubbing directions, and choosing the 
retardation Ri c of the liquid crystal layer to be atx)ut 0.45 micron R^c defined as the product of the liquid crystal layer 
thickness d and the liquid crystal birefringence dn - will cause the picture element to be nearly non-transmissive for 
incident light when no voltage is applied to the element 

This is the dark Reld-off state of the NBTN electro-optical effect. 

35 The light-blocking properties of the FieW-off state of NBTN can be explained from the '\vave-gukjing- properties of 
the liquid crystal configuration which induces a 90" rotation of the polarization direction of the linearly polarized light tra- 
versing the liquid crystal layer. 

Light leaving the liquid crystal layer is still, more or less, lineariy polarized and will therefbre be absorbed by the sec- 
ond polarizer. 

40 When a sufficient large voltage is applied across the Ikjuid crystal layer, the Ik^uid crystal molecules will be reori- 
ented in a direction parallel to the electric fiekJ. This is the Reld-on hon^otropic state which no longer leads to a rotation 
of the polarization direction of the incWent light. Consequently, the lineariy polarized light will pass unhindered through 
the liquid crystal layer, and will be transmitted by the second polarizer resulting in a bright Field-on state. 

For perpendicular incident light, such I'quid crystal devices have satisfying contrasts (defined as the ratio of Field- 

46 on and Field-off transnnission). 

However, at off-normal viewing angles, signHfcant light-leakage occurs in the Reid-off state which leads to reduced 
contrast values. Moreover, colouration phenomena attend the off-norn«l light-leakage, the colouration being also 
dependent on the azimuthal viewing direction. And even for perpendicular incident light, the dark ReW-off state will noi 
be colour-neutral (viz., Wack) since the 90" twist configuration does not act as a perfect "wave-gukJe" without affecting 

60 the polarization state of the light. Actually, the light leaving the liquid crystal layer is no tonger linearly polarized but has 
become elliptically polarized. The degree of ellipticity is wavelength dependent which gives the light transmitted by the 
second polarizer, though low in intensity, a coloured appearance. 

SUMMARY OF THE INVENTION 

55 

It is an object of the present invention to provide a display device of the type described in the "BACKGROUND OF 
THE INVENTION" where the picture elements can be switched from a black colour-neutral Field-off state to a bright 
Reld-on state, and where the black Field-off state does not lead to light-leakage nor to colouration phenomena at off- 
normal viewir>g angles. 
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Such display device can be achieved when a liquid crystal display architecture is used when the liquid crystal layer 
has a non-twisted homogeneously aligned configuration, (viz., parallel rubbing directions on both cell surfaces), and 
where the two polarizers are nuitually crossed and positioned with their polarization axis' at 45' with respect to the rub- 
bing directions on the cell surfaces. 

The display device is further provided wHh a negative birefringent uniaxial compensating medium (film) whose opti- 
cal axis is parallel to the njbbing directions and parallel to the cell surfaces. The (absolute) value of the retardation Rgoap 
of the compensating medium is chosen to be equal to the effective liquid aystal retardation in the Reld-off state. The 
negative birefringent compensating film can be positioned between the liquid crystal layer and one of the polarizers. In 
a preferred embodiment of the present invention, this one cornpensating retartJation film is replaced by two foils of the 
same type which each have a retardation value which is equal to half the retardation value of the one film and which are 
placed on one side of the liquid crystal cell with their optical axis' parallel to the projection direction of the liquid crystal 
director on the cell surfaces. 

The invention is based on the finding that a non-twisted homogeneously aligned liquid crystal layer, witii tilt-angle 
equal to zero, can be represented as a positive birefringent uniaxial film having its optical axis parallel to the cell sur- 
faces and parallel to the riAjbing directions, while the combination of such film with a second negative birefringent uniax- 
ial film whose optical axis is parallel to the cell surfaces and parallel to the optical axis of the said posHive birefringent 
film will behave as an optically isotropic medium provided the retardation of the said posHive birefringent film is equal to 
the (absolute value of the) retardation of the said negative birefringent film. Said combination of positive and negative 
birefringent films, when positioned in between crossed polarizers, will not alter the light transmission characteristics of 
the crossed polarizers alone. Therefore, d^ending on the polarizing efficiency of the polarizers and depending on its 
spectral light-transmission characteristics, a viewing angle independent black state can be obtained with said combina- 
tion of positive and negative birefringent films between aossed polarizers. 

To achieve a bright R eld-on state with the display device of the present invention having the architecture as 
described above, it appears that tiie mubjally crossed polarizers are best being positioned at 45'^ with respect to the 
rubbing directions on the cell surfaces while the liquid crystal retardation R^^ is in the range 0.15 - 0.35 micron, and 
preferentially in the range 0.20 - 0.30 micron. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Rg. 1 is a graph giving the transmission as a function of the azimuthal viewing angle at a fixed off-normal viewing 
angle of 60« for the bright Field-on state of a liquid crystal display device o1 tiie present invention using a single negative 
birefnngent compensating film, the radial transmission scale being from 0 to 50% and the azimuth angle form 0" to 
360": tiiree curves are shown evaluated wHh different liquid crystal retardation values R.^ viz. 0.2134 0 2668 and 
0.3094. lo . . 

Rg. 2 gives a transmission as a function of the azimuthal viewing angle at a fixed off-normal viewing angle of 60* 
for the dark FtekJ-off state of a liquid crystal display device of the present inv^tion using a single negative birefringent 
compensating film, wttii a radial transmissfon scale from 0% to 5% and an azimutii angle from O* to 360^ two curves 
are shown with different liquid crystal retardation values, viz. R^g = 0.2134 and 0.2668. 

Rg. 3 is a graph giving the transmission as a function of the azimuth angle at off-normal angle of 60* for the dari< 
Field-off state of a liquid crystal display device of the present invention witfi R^^ « 0.2134 using one compensating neg- 
ative birefringent film (curve 1) and two compensating negative birefringent foils each placed on one side of the liquid 
crystal cell (cun/e 2); the transmission scale is from 0% to 5%, 

Fig. 4 gives the azimuthal transmission as an off-normal viewing angle of 60' for two crossed Ideal" polarizers 
positioned at 45* (curve 1). The transmission scale Is from 0% to S%. Fig. 4 Includes the corresponding plot for the dark 
Field-off state of a liquid crystal device of the present Invention wHh R^^. = 0.2134 using one compensating negative 
birefringent film (curve 2). 

Rg. 5 gives iso-conti-ast curves for a liquW crystal display device of the present invention with R^^ « 0.2134 using 
one compensating negative birefingem film. Curves are shown for contrast values equal to 100 (curve 1). equal to 25 
(curve 2) and equal to 10 (curve 3). The off-normal viewing angle range is fiom O'^ to 60^ while the azimuth angle range 
is from O* to 360*. as indicated. 

Rg. 6, similarly to Fig. 5, gives iso-contrast ounces for a liquid crystal display device of the present invention with 
Ric » 0.2134 using two compensating negative birefringent films, each being positioned on one side of the liquid crystal 
cell and each having a retardation value equal to *Ric/2. 

Fig. 7 is a schematic representation of a Iquid aystal display device according to a particular embodiment of ttie 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention will be described and explained below by means of conputational results from modelling 
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Studies on a non-twisted homogeneously aligned liquid crystal layer with surface pre-tilt angle equal to 3^ the latter may 
be considered as typical. ' 

Evaluation of the liquid crystal director profiles as function of the applied voltage across the liquid crystal layer was 
done with the nrKxlelling oomputer-package DIM05. DIMOS is a well-known and frequently used simulation package 
which 18 commercially availat)«e from Autronic-Metehers. Karlsruhe. Germany. 
In the computattons the liquid crystal material constants of 2LI 3771 are used. 
2LI 3771 is a liqukj crystal which is commercially available from MercK Darmstadt. Germany 
The field-off liquid crystal director profile corresponds with the profile at zero Volt where the liquid crystal is uni- 
formly oriented with tiH-angle of 3* tfroughout the cell. 

•w J^^ fif'^^'^M f^""^ ^"^"^ corresponds with the profile at about 8 Volt where the liquid aystal in the 

middle of the cell is nearly perpendicularly oriented with respect to the cell surfaces. 

The optical calculations were done according to the standard Berreman matrix lormalism 

.hco!I^^H^^^''^K "P^" polarizers were used where one of the polarization directions is completely 

absorbed while the other one is completely transmitted. 

The refractive index of the polarizers is chosen to be equal to 1 .5 which is considered to be typrcal 
The standard C IE light source D65 is used. 

For the liquid crystal the fbltowing wavelength<lependenl refractive indices were used: 

n^ = 1.5682 + 10246/(La)^ 
n^s 1.4752 + 6100/(La)^ 

H^T^'!^ denote the extraK)rdinary and ordinary refraclh/e index, respectively (n, in the liquki crystal director 

direction, and n^ perpendicular to itj. and La stands for the wavelength of the light c ys« pirecior 

25 The birefringence dn of the liquid crystal is equal to (n^-n J. and is. at U = 550 nm. equal to 0 1067 
For the negative birefringent uniaxial foils the folk>wing refractive indices are used: 

n 1 = refractive index along optical axis = 1.55. 

n 2 = refractive index perpendicular to oplk;al axis = 1 .55. 

No diversion was included in the refractive indices of the negative birefringent uniaxial films 
tprhlfSir^ the Field-on state optics lor perpendicular incident light as function of R,, for the liquid crystal archi- 
tecture o the present invention where a single negative birefringent uniaxial compensating film is used 
The listed Rtc-values are achieved by varying the thickness of the liquid crystal layer 

At each Ric-value. the retardation R^^ of the compensating film is made equal to -Ri« This is achieved bv oroo- 
nt'et:X.^^ ^ Cnrna). With D,, . thic^ess of th^^o^^^^^^^ 

nj are ihe refractive indices, as defined above, of the negative birefringent foil 

ilnilfSf ^^^r^If f 1*^*® ^'^ ^ coordinates, "me li«,inance is the transmission using the stand- 

ard light source 065 and taking account of the standarcl spectral eye-sensitivity curve 
The luminance is expressed in %. 

indeLtJ^i^r^ nSl^nrn^Yj^^^ °' ' '"""^^ ^ '^^^ ^ 
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TABLE! 
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IS 



20 



25 



30 



Retardation R,<. [micron] 


Luminance [%] 






0.2134 


35.23 


0.287 


0.308 


0.2241 


36.86 


0.287 


0.309 


0.2347 


39.05 


0.291 


0.316 


0.2454 


39.94 


0.296 


0.316 


0.2561 


41.03 


0.296 


0.317 


0.2668 


42.56 


0.301 


0.321 


0.2774 


45.16 


0.307 


0.329 


0.2881 


44.56 


0.306 


0.329 


0.2988 


45.53 


0.312 


0.339 




46,57 


0.317 


0.341 


O.3201 


44.91 


0.321 


0.342 


O.3308 


44.09 


0.326 


0.350 


0.3521 


43.75 


0.337 


0.368 


0.3735 


41.96 


0.350 


0.377 


0.3948 


38.51 


0.367 


0.395 


0.4161 


34.54 


0.383 


0.410 


0.4375 


30.27 


0.410 


0.424. 



Table I shows lhal the highest luminance values at perpendicular incident light are obtained for R.^-values oi about 
0.3 micron. For these Ric-values the colour coordinates listed in table I are quHe close to the -white-poinl" whose col- 
as our^oordinates X^^ and y^e af© 0.31 and 0.32, respectively. 

However at off-normal viewing angles, significant colouration phenomena and significantly reduced transmissions 
!!!.^rv ^I'^'""''^"®^ °' ™^ illustrated in table II which shows the transmission (luminance) 

and me X^, and Y^, colour coordinates at an oH-nomial angle of 50' in the left-direction for various R,,-values For the 
non-tw^ed display de«ce of the present invention, the left (respectively, right) viewing direction corresponds with the 
Srs^SiTs^"*" ^' ^'^^'^^'y- "^^ ^«9^ee direction is parallel to the rubbing directions at the 

So. lefl-right viewing directions imply viewing directions in a plane perpendicular to the rubbing directions, while up- 
down viewing directions are defined in a plane parallel to the rubbing directions. 

45 
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TABLE II 



5 



W 



15 



SO 



25 



rteiarciauon n-j^ [micro nj 


Luminance I%] 




Y 


r\ o< Oil 


44.22 


0.314 


0.336 


\J.ZZ4 1 


43.82 


0.318 


0.339 




44.13 


0.324 


0.351 




43.58 


0.332 


0.360 




42.77 


0.343 


0.367 




40.16 


0.348 


0.377 


0.2774 


39.49 


0.361 


v.OOO 


0.2881 


36.63 


0.372 


0.396 


0.29d8 


34.27 


0.387 


0.407 


O.3094 


31.42 


0.399 


0,417 


O.3201 


28.86 


0.417 


0.426 


O.3308 


25.74 


0.433 


0.433 


0,3521 


19.73 


0.460 


0.438 


0.3735 


14,08 


0.472 


0.410 



Table II indicates that in lerms of colour-neutrality kw Ri.-values should be preferred since then the X ■ and Y • 
values ai otf-norrrjal viewing angles will deviate lesser from ttie colour coordinate^at p^r^^^^^^^ 

,icu-^t,!^!T "^.^^ '"""^ °' ^''^ °" transmission at off^ormal viewing ar,gles for the 

Iquri crysta^ display device of the present invention where a single negative birefringent film is used » ^ ^® 

3. F.^'^,r:^^::^C^!r^"' (azimuth^Hummance) ^.ots at off-noo^al viev«ng angle of eo- for the bright 
fixed'^rrlTma'! vreJr4 angif " "^^^ '""^"^ °' -^-e at . 

whe^^a-^l^e^a^SbS^^^^ 
"0 The radial transmission scale in the plots of Rg. II Is from 0% to 5%. the off^normal viewing angle is 60' 
Two curve s are given, one obtained for Rk, = 0.21 34 and the other for = 0 2668 
in„ J?o„"2li^^f "*''^!!°''.,°' "^"'^ ^"^ ^''^ birefringent compensating film of the present 

n^™i Cil! r "^"^'^ '"^'""^ ^" ^'^'^ ^''"^ (^^y tov') transmission at largToff- 

« r^^i« n^oi^ ^ "^"^^^^ f^^""^- "^'s to the small light leatege at 

« wge off-normal viewing angles of two crossed "idear polarizers alone. ««>^wc ai 

Rg. II shovw: an asymmetry in the azimlum plots, in particular in the left-right viewing direction 
M fHolV^l'H ^^^"^^^^ ^ ^''^ '^P'^'''"" ^'^ '"^ compensating negative birefringent film by two foils 
frflrT T Ttf '^"fl half the retardation value of the one f Jm. Ind^h^h 

so tai director on the cell surfaces. This is iHustiated in Fig. III. ■vh« 

fhr^h?!' "^■T^Tf.^"'!! ^ ' °^ *® ''^"^^^ ''^^ at off-normal viewing angle equal to 60" 

^ uJn^ol£^i,"Si'd:::Z^ ^ preset invention using one compensating negative blref^ert liS (curve 1) 
and uang two films of the same type having retarelation values equal to haH the R««B-valu6 of the one comMnsatinQ 

AS ^^miw S'^it.r! ^.'^^^il'^rr'^"'" ^' off-normal viewing angle lor two crossed "ideal" polarizers (curve i ) . 
t^nlfT^^' T ^""'"'^.P'°* °* PO'ar^a's shows the "cross-symmetry"; the polarizers are posi- 

2^ i if» companson purposes corresponding azimlum plot of the dark ReU-off state of the liquid crystal 
devK» of the present invention with R„ - 0.2134 using one negative birefingent film is included in f^g. IV (cunre 2) 
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Rg.lV shows the Iso-contrast curve's for liquid crystal device of the present invention with R|c « 0.2134 using one 
negative bir^ingent compensating film, the contrast being defined as the ratio of the Reld-on state transmisson and 
the FieW-off state transnnission. Iso-contrast curve's for contrast value's equal to 100 (curve 1), equal to 25 (curve 2) 
and equal to 1 0 (curve 3) are evaluated at off-normal viewing angles in the range from 0* to 60* and at azimuth angles 
in the range from 0" to 360'. 

The observed asymmetry in the left-right direction of the curve's given in Rg. V is due to the asymmetry in the dark 
Field-off 8tate wfiere the transmission in the left-direction (viz.. azimuth angle equal to 90") is smaller than the transmis- 
sion in the right-direction (viz«, azimuth angle equal to 270''); e.g., compare the azimlum plot of the dark Field-off state 
given in Rg. IV. The relatively small asymmetry in the up-down direction of the curve's given in Rg, V can be understood 
from the tilt-direction of the homogeneously aligned liquid crystal molecules. 

Rg. VI gives the iso-contrast curve's for the liquid crystal device of the present invention with R^^ « 0.2134 using 
two compensating negative t>irefrin gent films, each being positioned on one side of the liquid crystal cell and each hav- 
ing a retardation value equal to -Rit/S. 

Ttie contrast values, the off-normal angle and the azimuth angle range in this Fig. VI are the same as in Fig. V. The 
symmetry in the left-right direction is obvious now. 

Rg. VII is a schematic representation of a display device according to a particular embodiment of the present inven- 
tion. The device has a thin liquid crystal layer 1 0. being typically some microns thick. The nematic liquid crystal layer 1 0 
is located between two transparent supporting plates 1 2 and 14. being typically of glass. When no voltage is applied 
across the liquid crystal layer, the nematic liquid crystal is oriented by a coating (viz.. orienting layer) 16. The arrang- 
ment is processed for providing a homogeneously aligned non-twisted liquid crystal configuration. This can be 
achieved, e.g. by properly rubbing the coating 16, the rubbing directions on both surfaces being parallel thereby intro- 
ducing a non-twisted unifdnn orierttation of the liquid crystal. The distar)ce between the support plates 12 and 14 is 
maintained by spacers 15. The support plates are provided with electrodes for constituting elementary capacitors, each 
corresponding with one pfxel-(or. display-) element. For instance, the surface of support plate 12 pointing to the liquid 
crystal layer lQ may cany control electrodes const'tuting an array 18, the electrodes being connected to thin-film-tran- 
sistors (in s). The TFTs are distrbuted in rows and columns and are controlled by a circuitry, not shown here, by 
means of a connecting intermedium 30. The other support plate 14 is provided with a counterelectrode 20 which is typ- 
ically a thin layer of ITO. To achieve a coloured display device, colour filters 25 may be used, the filters being positioned 
between the liquid crystal layer 10 and e.g. the transparent support plate 14. The unit (viz., the liquid crystal cell) is 
placed between crossed polarizers 26 and28 which have their polarization axis at 45* with respect to the rubbing direc- 
tions on both surfaces. In a particular embodiment of the device of the present invention two uniaxial negative birefrin- 
gent films 34 and 36 are placed with their optical axis parallel to the plates 12 ard 14 and parallel to the rubbing 
directions, each of the films is positioned between one of the support plates and the nearest polarizer. 

Claims 

1. Active matrix liquid crystal device comprises a nematic liquid crystal acting as electro-optical medium inserted 
between two parallel support plates having surfaces facing each other, one of the surfaces being provided with a 
matrix of transparent conductive blocks and adjacent thin-film-transistors, an anay of conductive addressing lines 
and an array of conductive addressing columns, and the other surface being provided with a transparent countere- 
lectrode; 

the conductive blocks constituting one of the picture element electrodes while the second opposing elec- 
trode of each element being provided by the counterelectrode. thus defining a matrix of display elements: 

the device comprising a control circuit for supplying voltage signals to both electrode patterns by means of 
which the display elements can fc>e switched from a first state to an optically different second state; 

the liquid crystal cell bdng inserted between two crossed (or nearly crossed) polarizers, 
characterized in that: 

the liquid crystal layer has a non-twisted homogeneously aligned configuration when no voltage is applied 
across the liquid crystal layer. 

2. Display device according to claim 1 , characterized in that the transmission directions (or polarization directions) of 
the said polarizers form an angle of 45" (or virtually equal to 45") with respect to the lk?uid crystal director on the 
support plates. 

3. Di^ay device according to Claim 1 or 2, characterized in that at least one retardation film having a negative retar- 
dation value is placed between polarizers and Ttqukle crystal cell in such a way that the optical axis of the retarda- 
tion film is parallel (or virtually parallel) to the projection of the liquid crystal director on the support plates and in 
that the optical axis of the retardation film is parallel (or virtually parallel) to the support plates. 
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Dispplay device according to Claim 3, characterized in that the absolute value oi the retardation of the retardation 
film is equal (or virtually equal) to the effective retardation value of the liquid aystal layer when no voltage is applied 
across the liquid aystal layer. 

Display device according to any one of Claims 1 -4. characterized in that, if a plurality of said retardation films is 
used, on k>oth sides of Ihe liquid crystal cell a number of retardation films is placed in such a way that the total retar- 
dation oi the films on the one side of the cell is suljstantially equal to the total retardation of the films on the other 
side. 

Display device according to any preceding Claim, characterized in that the retardation of the liquid crystal, defined 
as the product of the liquid crystal layer thickness and the liquid crystal bir^ringence. is in the range 0.15 • 0.35 
micron, and preferentially in the range 0.20 - 0.30 micron. 

Display device according to any preceding Claim, characterized in that the tilt-angle of the liquid crystal molecules 
in the tx)undery layers of the liquid crystal cell is smaller than 25^ and preferentially smaller than 6*. 
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AZINUTH ANGLE 



FIG.1 



oR|C=Q,2668 
oR|c = 0,3094 



AZIMUTH ANGLE 



FIG. 2 



o R|c=0,2G4 
oRlc= 0,2668 



270" 
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270* 
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180' 



Xazimuth angle 

FIG.5 
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